Summary. The 
Introduction
An increase in the permeability of endometrial capillaries has been suggested as a universal prerequisite for the establishment of pregnancy in placental mammals (Psychoyos, 1973) . This has been observed and quantified using albumin marked with a dye (rat: Psychoyos, 1960 ; hamster: Orsini, 1964 ; mouse: Finn & McLaren, 1967;  guinea-pig: Orsini & Donovan, 1971; rabbit: Hoffman et al., 1978) , radioactive albumin injected into the peripheral circulation (Psychoyos, 1961; BittonCasimiri et ai, 1965) , large molecules, such as horseradish peroxidase or ferritin (Parr & Parr, 1985) and variation in water content of uterine tissues (Hoos & Hoffman, 1980) . Extravasation of albumin has been reported in sheep placentomes (Boshier, 1970) and ultrastructural modifi¬ cations indicating increased vascular permeability were observed in pigs (Keys & King, 1988 No reports have indicated that the water content of the endometrium or the radioactivealbumin technique has been used in pigs to study the permeability of the blood vessels at the time of embryonic attachment. A first experiment was thus conducted to demonstrate an increase in permeability of the endometrial capillaries using iodinated albumin and measuring water content at localized sites along the uterine horn.
A second experiment was conducted to investigate whether anionic ferritin exited from the capillaries in association with pregnancy-associated ultrastructural changes in endothelium. A comparison between capillaries on the mesometrial and antimesometrial aspects was also included because the first signs of attachment in pigs always occur along the mesometrial aspect.
Materials and Methods
Animals and management. The experimental animals were sexually mature Yorkshire gilts of similar age (~250days old) and weight (90-120 kg) . Eight to twelve gilts were housed in a 3 3-7m (11-1 m2) pen and floorfed~2-5 kg/day/animal with a 15% crude protein diet (maize-soyabean (0-8 ml) was also determined. The radioactivity of all samples (plasma and blood included) expressed in counts per min (c.p.m.) was corrected according to the weight of the sample. Samples of~3 g of endometrial strips and of abdominal muscle were also taken in duplicate, weighed precisely and freeze-dried to determine the percentage of dry matter.
Data were analysed using the SAS glm procedure (SAS, 1987) . Whenever variation is reported it is always the standard error of the mean (s.e.m.). A split-plot design was used for both radioactivity and dry matter content, in which reproductive status and days of slaughter were the main plots in a 2 2 factorial, and sampling positions inside the uterus were the subplots (Snedecor & Cochran, 1980) . Main and secondary effects could be evaluated directly from the analysis of variance. Homogeneity of variance among treatments was confirmed using Burr-Foster's test (Anderson & McLean, 1974 The dry matter content of the endometrial tissues was, on average, 121 ± 0-9% (9-8-14-1) and was not influenced (P > 0-05) by reproductive status, day of slaughter or sampling site. Correction of the dry matter content of the endometrial samples in proportion to the dry matter content of the abdominal muscle samples gave similar results (Table 2) . Endothelial cell nuclei were distal or lateral to the luminal epithelium (Fig. la) , especially in capillaries very close to the epithelial basal lamina. Some capillaries also had nuclei proximal to the luminal epithelium, but distal and lateral nuclei were more frequent. About 80% of all nuclei were in distal and lateral positions in respect to the position of the luminal epithelium.
The endothelial basal lamina was generally discontinuous with multilayered areas (Fig. la) and not as well defined as the epithelial basal lamina. Three capillaries in sections from two pregnancy Day 15 and one cycling Day 13 gilts clearly presented projections of the endothelial cell through the endothelial basal lamina (Fig. lc) capillary lumina, although red blood cells were sometimes covered with black specks. Furthermore, ferritin was not seen in sections that were not stained with lead citrate and uranyl acetate or in lumina of larger blood vessels far from the luminal epithelium. Thus, no information was obtained on the possible motion of ferritin molecules through the capillary wall from these sections. Different results were obtained from the two gilts injected with a mixture of ferritin and Evans blue directly into a uterine artery. The first gilt injected lost blue coloration of the uterus almost immediately after injection and subepithelial capillaries and larger uterine blood vessels were de¬ void of ferritin particles. By contrast, the other gilt retained the blue coloration of the uterus until sampling time and the lumen of the endometrial capillaries ofthat gilt contained large amounts of ferritin (Fig. 2a) . Ferritin was mainly found in the capillary lumen, sometimes encountered on the stromal side of the capillary wall, but not observed in junctional complexes between endothelial cells. Ferritin particles were frequent in endothelial vesicles and these structures occasionally appeared to evacuate their contents on the stromal side of the capillary wall (Fig. 2b) . Transendothelial channels filled with ferritin particles were observed.
Discussion
Results from Expt 1 do not support the hypothesis of increased uterine vascular permeability during early porcine gestation. However, the gilts were in the middle of the luteal phase and vascular permeability may have increased for several days after ovulation in all gilts without any Fig. 2 (Cochran & Cox, 1957) . Correction of the radioactivity of endometrial samples according to the radioactivity in plasma, blood or muscle was expected to reduce the coefficient of variation, which it did not do.
The amount and specific activity of the radioactive albumin injected was much lower than that used with rats (Kennedy, 1979) because of safety requirements for handling large amounts of radio¬ activity and disposal of contaminated blood and carcasses. Prolonged counting times (10 min) were used in an attempt to compensate for the low radioactivity of the uterine samples (total counts 5000c.p.m. and well above background values), but the low specific activity of 1Z5I-labelled human albumin was not really compensated for by a longer counting time. Some uterine horns were also perfused with normal saline to clear residual blood from the vascular bed, but this failed to affect overall results or to reduce variability.
Most work on vascular permeability has been conducted on rodents and rabbits. These species show a decidual reaction of the endometrium accompanying an invasive placentation, which is quite different from the attachment placentation observed in pigs. This reaction involves a strong oedema of the endometrium localized at implantation sites (Psychoyos, 1973; Sartor, 1980 (Keys & King, 1988 , 1990 (Keys & King, 1988 , 1990 were rarely observed in the four gilts slaughtered on Day 15 in the current study (3-2% of all the capillaries examined). Keys & King (1988) (Keys & King, 1988 , 1990 . They were particularly numerous in capillaries presenting attenuated areas and adjacent to the epithelial basal lamina. Endothelial vesicles, because of their capacity to transfer large molecules through the capillary wall, have been associated with the large-pore system (Bruns & Palade, 1968) that would allow the passage of macromolecules as well as small molecules and fluid (Landis & Pappenheimer, 1963) . On the contrary, fenestrations with diaphragms have been shown to be less permeable and, therefore, were associated with the small-pore system responsible for the transfer of only smaller molecules and fluid (Bruns & Palade, 1968; Clementi & Palade, 1969) . Although the complete dynamics of the transformation of endometrial capillaries in pigs has not yet been studied, it seems that the first signs of increased vascular permeability are an attenuation of the capillary wall and an increase in the number of endothelial vesicles. These signs seem to occur initially to the same extent in pregnant and cycling gilts and on the meso-and antimesometrial aspects of the uterine horn, suggesting that they are under the influence of progesterone. As gestation progresses, the attenuation of the capillary walls plus the number of endothelial vesicles and fenestrated areas increase. These particular changes could be triggered by oestrogens of embryonic origin, by the maintenance of progesterone secretion or by a combination of factors possibly involving prostaglandins and other conceptus secretory products. The transfer of large molecules through the capillary wall was demonstrated by the presence of ferritin on the stromal side of the capillaries. Ferritin was particularly abundant in endothelial vesicles. On some occasions, vesicles were seen 'unloading' their ferritin between the endothelial cell and the endothelial basal lamina.
Multilayered endothelial basal lamina are associated with endothelial cell injuries (Pierce & Nakane, 1969; Vracko & Benditt, 1972) or angiogenic stimuli (Findlay, 1987) . The effect of angiogenic stimuli on the ultrastructure of the endothelial basal lamina (Findlay, 1987) may provide a plausible explanation for the formation of a multilayered basal lamina underlying endothelial cells of the pig endometrium. Indeed, this would be in accord with increased vascularization of the endometrium proposed to occur in early pregnancy in all mammals (Amoroso, 1952) . Projections of the endothelial cells through the endothelial basal lamina were occasionally seen and they might have a role in the transformation of the endothelial basal lamina.
The substantial variances associated with quantitative measurements in this study emphasized the need for larger samples to reduce the probability of type II errors. The results also illustrate that placentation is a dynamic and rapidly progressing phenomenon, with little difference between capillary beds of cyclic and pregnant gilts on Day 15, but dramatic modifications one day later.
